Moreover, identical modeling equations are obtained for the crystallization rates, U, of both material types:
where α is the cooling rate and Τα the starting point depending on a.
For the norm η* of the complex viscosity, the modeling relation η* = ^ + b + exp (c (T a -T) + d) also show comparable behaviour except for the higher values of the composite due to the reinforcing fibres. Starting points T a for η* and U are close together for the matrix but further apart for the composite. T a from G', the elastic modulus, is higher than earlier because the G' reveals more sensitivity to the early nucleation step.
Since PET seems to provide good wettability on the fibres and since the final properties of the composite also seem good, the adhesion problem for composite materials remains open.
INTRODUCTION
Due to their higher mechanical properties, reinforced thermoplastic fibres are used more and more in technical applications. The setting of any semi-crystalline polymer is primarily connected to its crystallization which governs the evolution of rheological properties from the melted state to the semi-crystalline rubbery state. In many cases, the evolution of these phenomena differs for composite materials because specific kinetics inducing peculiar morphologies may /I-4/ occur near the fibres and also modify the massic effect in the matrix 151. It is generally assumed that these transcrystalline phases give better properties to the composite material but the problem of fibres/matrix cohesion remains controversal /6/.
Thus, in light of earlier work, this paper is concerned with a comparative study of the crystallization and the rheological kinetics of a polyethylene-terephthalate (PET) and a PET/glass fibres composite Π-91. The correlative starting temperature of each process will be particularly emphasized.
EXPERIMENT ALS

A. Materials
The polymer used is a classical (linear) PET supplied by Rh6ne-Poulenc Fibres in the form of continuous melt spinned monofilament fibres directly wound on bobbins with no further elongation. Table 1 
RESULTS AND DISCUSSION
A. Thermal Stability
Beside the hydrolysis of the polymer at high temperature in the presence of moisture, the influence of the surrounding atmosphere must be also checked for constancy of properties. Firstly, crystallization kinetics are performed by DSC under nitrogen atmosphere at a 10°C/min cooling rate from 285°C and after a dwell time of six minutes. It appears that for the matrix and the composite no more than two measurements can be made with the same sample to observe the same temperature value at the maximum of the exothermal peak.
Afterwards, this temperature decreases due to a higher molecular weight.
For rheometer measurements, if air is used as the atmosphere, η* and G' decrease for both samples. This may be due to oxidative degradation.
However, if nitrogen is used, η* and G' increase as the temperature rises up to 290°C at which point the increase is about 80% for 45 minutes. It is quite negligible under 260°C. For temperatures higher than 300°C
(not used here), rheological parameters decrease again.
This evolution under a nitrogen atmosphere can be interpreted by competition between post polycondensations of the polymer and crosslinking of chains for one part and thermal degradations for the other part.
For our purpose, this phenomenon seems to be sufficiently weak if we consider the amount of time at which the polymer is permitted to be over 260°C, except perhaps at the lowest cooling rates 1 °C/min.
B. Crystallization Kinetics
Isothermal crystallization of the polymer in a temperature range of 220°C to 245°C is analysed by hot stage microscopy. As shown in Fig. 1 , no nucleation effect appears at 235°C on the fiber and only small spherolites of about 5 μ can be observed in the matrix. For higher temperature values, the diameter reaches 10 μ and, with Table 2 gives the observed times of appearance.
As for DSC kinetics, some isothermal measurements made at 220, 225, 230 and 235°C are interpreted using the Avrami-Evans relation:
where U is the volumic transformation rate, Κ (Τ) the temperature dependent parameter and η the Avrami exponent. The parameter, to, is the effective starting point of the exothermal peak.
For anisothermal measurements, the following relation derived from Eq. 1 and previously verified for PBT 111 and PET /8/ is used:
where a>o is the cooling rate and Τα the starting temperature of the exothermal peak, depending on the cooling rate. This important parameter can be determined from experimental data on the derivative dH/dt of the enthalpy as follows.
The double log relation from Eq. 2: 
C. Rheological Kinetics
During the shear, woven glass fibres move in the composite samples and, therefore, it is necessary to set conditions for which a reversible strain is obtained.
This composite behaviour is studied at 270°C for shearing frequencies of 0.1, 1, 10 and 100 rad/s, respectively. 
It has been shown experimentally that this derivative shows a constant value, p, in the vicinity of T a . Then the following relation can be used for the determination of Τα as abscissa onsets:
From the value of ρ obtained simultaneously, a second linear relation:
permits another verification. It can be worth noting that analogous relations are obtained for isothermal scans which can be used for the determination of the starting time, to- Table 3 gives experimental results for T a . : Rheological parameters versus strain at 270°C and 10 rad/s for the composite.
show the plots of η*, G', G" and tan5 versus decreasing temperatures at 3°C/min, respectively, for the matrix and for the composite. Fig. 9 permits comparison on the influence of α on η* for the composite. The starting temperature values of the crystallization zone are determined by subtracting from η* or G' the values of the extrapolated melted domain determined by Arrhenius:
In η* = a + ^
for η*, with Τ in Kelvin. Then the resulting data are fitted with a relation similar to Eq. 6 in order to obtain T' a and T' a , see Table 3 . It appears immediately that the rheological starting temperatures of the composite have higher values than for the matrix. This more enhanced crystallization process may be due to higher stress conditions for the polymer in the presence of woven glass fibers. A composite experimental design against the shearing rate and the shearing frequency has been previously performed on the matrix. It was shown that a significant effect on T' a and T" a could be obtained for high shearing values, up to 6°C more than under quiescent conditions /9/. In the present case, as T a and T' a are comparable for the matrix, T' a stays about 4°C higher for the composite. The discrepancy is the same for T" a : the values are about 3°C higher than T' a for the matrix but 7 to 8°C higher for the compo- elastic modulus due to the particular system of woven glass fibers. The early crystallization is set by G', more sensitive to the entanglements in the matrix at a few degrees higher than the starting values of η* or the starting values of the transformation rate. Concerning the composite, the high mechanical stresses produced by the glass fibres enhances the crystallization of the polymer with higher starting values. These 
